Peak knee adduction moment and impulse are not related to changes in self-reported pain or physical function over 12 months in individuals with medial knee osteoarthritis  by Kean, C.O. et al.
Descriptive data relating to natural gait and altered FPA gait conditions, reported as mean (95% CI)
Natural gait Attempted
10 toe-in
Attempted
0 FPA
Attempted
10 toe-out
Attempted
20 toe-out
Attempted
30 toe-out
Foot progression angle
FPA during foot ﬂat () -4.5 (-3.0, -5.9) 9.7 (8.3, 11.2) 2.3 (0.8, 3.7) -5.3 (-3.9, -6.8) -12.6 (-11.2, -14.1) -20.8 (-19.3, -22.2)
Gait characteristics
Speed (m/s) 1.26 (1.19, 1.33) 1.25 (1.18, 1.32) 1.25 (1.18, 1.32) 1.26 (1.19, 1.33) 1.26 (1.19, 1.33) 1.27 (1.19, 1.34)
Knee load
Early stance peak KAM (Nm/BW*Ht%) 3.74 (3.25, 4.24) 3.48 (2.98, 3.97) 3.65 (3.15, 4.14) 3.74 (3.25, 4.24) 3.92 (3.43, 4.42) 4.09 (3.59, 4.58)
- Timing-early stance peak KAM (stance %) 27.1 (25.6, 28.7) 28.0 (26.4, 29.5) 28.0 (26.4, 29.5) 26.2 (24.7, 27.8) 26.4 (24.8, 28.0) 25.2 (23.7, 26.8)
Late stance peak KAM (Nm/BW*Ht%) 2.11 (1.77, 2.45) 2.58 (2.23, 2.92) 2.37 (2.02, 2.71) 2.09 (1.75, 2.43) 1.78 (1.44, 2.12) 1.36 (1.02, 1.70)
- Timing-late stance peak KAM (stance %) 75.2 (72.7, 77.7) 78.1 (75.6, 80.7) 78.1 (75.6, 80.6) 75.3 (72.8, 77.7) 74.9 (72.4, 77.3) 76.4 (73.8, 78.9)
KAM impulse (Nm.s/BW*Ht%) 1.23 (1.02, 1.43) 1.30 (1.10, 1.51) 1.29 (1.09, 1.49) 1.25 (1.05, 1.45) 1.21 (1.01, 1.41) 1.17 (0.96, 1.37)
Knee ﬂexion moment peak (Nm/BW*Ht%) 2.75 (2.12, 3.39) 3.32 (2.68, 3.95) 2.94 (2.30, 3.57) 2.78 (2.14, 3.41) 2.68 (2.05, 3.32) 2.42 (1.78, 3.06)
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S101effect was identiﬁed, where toe-in and toe-out gait demonstrated
opposing effects on KAM outcomes (p<0.001). Toe-in gait reduced the
early stance peak KAM, more effectively in varus aligned knees (p¼0.042).
Toe-out gait reduced the KAM late stance peak and impulse (p<0.001),
with greater effects in varus aligned knees and less painful individuals
(p<0.001). The linear mixed model implies that the FPA effect was
reversed in individuals with greater pain (WOMAC pain over 11 for late
stance KAM and over 8 for KAM impulse), so that toe-in gait reduced those
KAM parameters. Peak KFM was reduced with toe-out gait (p<0.001).
There was no change in pain across conditions (p>0.05).
Conclusion: Altered FPA in people with medial knee OA signiﬁcantly alters
medial knee load throughout stance, as measured by the external KAM and
KFM. Due to signiﬁcant mediating effects of pain, the WOMAC OA index
may need to be administered prior to choice of gait modiﬁcation. If the
KAM impulse was targeted , toe-out gait should be advised for people with
mild pain and toe-in gait for people with moderate/severe pain.
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EFFECT OF MEDIAL ARCH SUPPORTS ON THE KNEE ADDUCTION
MOMENT IN PEOPLE WITH KNEE OSTEOARTHRITIS
R.S. Hinman, L. Bardin, M. Simic, K.L. Bennell. Univ. of Melbourne, Parkville,
AUSTRALIA
Purpose: It is recommended in clinical guidelines that people with knee
OA receive advice concerning appropriate footwear, however there is little
research available to guide clinicians regarding which types of shoes and
shoe insoles are optimal for (and conversely, which should be avoided).
Given that people with medial knee OA have a greater prevalence of
pronated feet compared to asymptomatic age-matched controls, and that
data has linked the pronated foot type to increased frequency of knee pain
and medial tibiofemoral cartilage damage in older people, clinicians
frequently prescribe these orthoses to patients with knee OA. However,
there is a potential that medial arch supports could shift the location of the
centre of pressure medially at the foot, thereby increasing load in the
medial knee compartment. Such an increase in medial knee load could
potentially be quite harmful for people with medial knee OA, given that
walking results in a repetitive and cumulative load at the knee on a daily
basis. This study aimed to evaluate the immediate effects of medial arch
supports on indices of medial knee joint load (the peak external knee
adduction moment (KAM) and knee adduction angular (KAA) impulse)
and knee pain during walking in people with medial knee OA.Table 1
Effects of medial arch supports on parameters of medial knee load.
Variable No arch supports, mean (SD) Arch s
First peak KAM (Nm/BW*H%) 3.63 (1.22) 3.72 (1
Second peak KAM (Nm/BW*H%) 2.05 (0.90) 2.06 (0
KAA impulse (Nm.s/BW*H%) 1.19 (0.52) 1.22 (0Methods: A within-subjects repeated measures study was performed.
Twenty one people (9 male, 12 female, mean (SD) age 69 (10) years) with
symptomatic and radiographic medial compartment OA were recruited
from the community. Participants underwent three-dimensional gait
analysis (eight camera VICON system and 2 AMTI force plates) while
wearing standardised athletic shoes (Nike Air Pegasus) and i) no medial
arch supports and ii) with prefabricated medial arch supports (Vasyli
Howard Dananberg orthoses) inserted in the shoes, in random order.
Participants walked at their usual comfortable pace and data were
collected from 5 successful trials for each test condition. Walking speed
was monitored and verbal feedback ensured that speed during each trial
varied not more than 5% from the average speed of the ﬁrst. Outcomes of
interest were the ﬁrst and second peaks in the external KAM, the KAA
impulse and severity of knee pain (numerical rating scale) during testing.
Outcomes were compared across conditions using paired t tests (gait data)
and Wilcoxon Signed Ranks test (pain data).
Results: There were no signiﬁcant changes in either the ﬁrst or second
peak KAM, or in the KAA impulse, with the addition of medial arch
supports (Table 1). Walking speed was not signiﬁcantly different across
test conditions. Considerable individual variation in response to the arch
supports was observed across participants. There was no immediate
change in knee pain during walkingwhenmedial arch supports wereworn
(median (IQR) 1(0-3) without arch supports vs 1 (1-4) with arch supports,
p¼0.56).
Conclusions: This study showed no signiﬁcant mean change in any of the
measured indices of medial knee load with medial arch supports.
Furthermore, no immediate changes in knee pain were evident. Further
research is needed to conﬁrm that the small nonsigniﬁcant increases in
parameters of knee load observed in this study with medial arch supports
are indeed clinically irrelevant.
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PEAK KNEE ADDUCTION MOMENT AND IMPULSE ARE NOT RELATED TO
CHANGES IN SELF-REPORTED PAIN OR PHYSICAL FUNCTION OVER 12
MONTHS IN INDIVIDUALS WITH MEDIAL KNEE OSTEOARTHRITIS
C.O. Kean, K.L. Bennell, K. Bowles, R.S. Hinman. Univ. of Melbourne,
Melbourne, AUSTRALIA
Purpose: Dynamic joint loading is thought to be a major contributing
factor to the development and progression of knee joint structural
changes. The external knee adduction moment (KAM) during walking isupports, mean (SD) Mean difference 95% CI p value
.23) 0.08 -0.06, 0.23 0.25
.79) 0.01 -0.15, 0.09 0.62
.52) 0.03 -0.02, 0.07 0.29
Table 1
Baseline and follow-up self-reported pain and function scores
Baseline Follow-up Mean Difference (95%CI) p-value
WOMAC Pain (0-20) 7.2 (2.9) 6.3 (3.3) 0.9 (0.4, 1.4) 0.001
WOMAC Function (0-68) 23.7 (11.1) 20.2 (12.2) 3.5 (1.8, 5.1) <0.001
Average weekly pain when walking (0-10) 4.3 (2.1) 3.1 (2.4) 1.2(0.8, 1.5) <0.001
Average weekly pain (0-10) 4.2 (1.9) 3.1(2.2) 1.1(0.7, 1.4) <0.001
Average weekly restriction to activities (0-10) 3.8 (2.3) 3.1 (2.5) 0.7 (0.4, 1.1) <0.001
Lower scores indicate less pain/better function
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S102a valid and reliable proxy for the load on the medial tibiofemoral
compartment of the knee and is related to radiographic knee OA severity
and risk of structural disease progression. However, no study has longi-
tudinally examined the relationship between baseline KAM and changes in
pain or physical function in a cohort with knee OA. The purpose of this
study was to examine the relationship between peak KAM and KAM
impulse with changes in self-reported pain and self-reported physical
function over a 12-month period.
Methods: Data from 141 individuals with medial knee OA (80 females, 61
males, age: 64.58.0yrs, BMI: 28.64.5m/kg2) who participated in
a clinical trial were analyzed. The clinical trial showed no signiﬁcant
effect of lateral wedge insoles on pain or function compared to control
insoles, thus data from treatment groups were pooled for this analysis. All
participants underwent baseline three-dimensional gait analysis, and
completed baseline and follow-up self-report measures of pain and
function. Peak KAM and the KAM impulse were determined via gait
analysis (8-camera VICON, 3 AMTI force plates). Pain and physical func-
tion at baseline and at 12 months were evaluated using a) The Western
Ontario and McMaster Universities Arthritis Index (WOMAC) and b)
numeric rating scales (NRS) to rate average overall weekly pain, average
weekly pain when walking and average restriction to daily activities.
Paired t-tests were used to examine changes in pain and function over
12-months in the whole cohort. Initially, unadjusted linear regression
models were performed to examine the relationships between peak KAM
(independent variable and change in self-reported pain and function
(dependent variables). Models were repeated adjusting for a) age, sex,
and body mass index and b) with the additional covariate of treatment
group. All analyses were repeated using KAM impulse as the independent
variable.
Results: Baseline and follow-up self-reported pain and function scores are
reported in Table 1. The cohort showed a small but signiﬁcant improve-
ment inWOMAC pain and function scores (Table 1). Neither peak KAM nor
KAM impulse were associated with changes in self-reported WOMAC pain
or function (Table 2). Similar to WOMAC scores, the NRS scores also
signiﬁcantly improved over time (Table 1). However, these improvements
were less than the minimal clinically important differences. Neither peak
KAM nor KAM impulse were associated with changes in self-report NRS
pain or activity restrictions (Table 2).Table 2
Relationship between KAM and changes in self-reported pain and function
Univariate a
Regression
coefﬁcient (9
WOMAC PainPeak Knee Adduction Moment (Nm/BW*ht%)
Knee Adduction Moment Impulse (Nm.s/BW*ht)
-0.11 (-0.62,
-0.51 (-1.85,
WOMAC FunctionPeak Knee Adduction Moment (Nm/BW*ht%)
Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.53 (-1.14, 2
0.79 (-3.57, 5
Average weekly pain when walkingPeak Knee Adduction Moment
(Nm/BW*ht%)Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.22 (-0.17,
0.51 (-0.52,
Average weekly painPeak Knee Adduction Moment (Nm/BW*ht%)
Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.07 (-0.32,
0.07 (-0.83,
Average weekly restriction to activitiesPeak Knee Adduction Moment
(Nm/BW*ht%)Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.17 (-0.20,
0.21 (-1.18,
* adjusted for age, gender, body mass index** adjusted for age,
gender, body mass index, treatment groupConclusions: We found no relationship between parameters of the KAM
and change in self-reported pain and function over 12-months in our
cohort. Future research targeting those who exhibit worsening of pain and
function over time, longer follow-up duration and incorporating perfor-
mance-based measures of physical function is warranted.
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BIOMECHANICAL CHARACTERISTICS DURING STANCE PHASE OF GAIT IN
PATIENTS WITH EARLY STAGE HIP OSTEOARTHRITIS COMPARED TO
AGE-MATCHED CONTROLS
I. Eitzen 1, L. Fernandes 1, L. Nordsletten 2, M. Risberg 1. 1Norwegian Res. Ctr.
for Active Rehabilitation, Orthopaedic Dept. Oslo Univ. Hosp. and Norwegian
Sch. of Sports Sci., Oslo, NORWAY; 2Orthopaedic Dept. Oslo Univ. Hosp., Oslo,
NORWAY
Purpose: In contrast to the numerous studies that exist on biomechanical
characteristics of patients with knee osteoarthritis (OA), few studies have
assessed patients with hip OA. In particular, knowledge is sparse with
concern to patients in the early stage of disease, not eligible for total hip
replacement. The purpose of this study was, therefore, to explore sagittal
plane biomechanics of the hip and knee during gait in hip OA patients with
mild to moderate pain compared to age-matched healthy controls, and
furthermore, to investigate whether radiographic severity affected gait.
Methods: Inclusion criteria for hip OA patients were self-reported hip pain
lasting 3 months, radiographic OA using Danielson's criteria (<4mm
minimal joint space (MJS) for patients <70 years and <3mm MJS for
patients 70 years), and a Harris Hip Score between 60-96 points. Gait
analyses were performed using eight Qualisys Motion Capture System
cameras synchronized with three AMTI force plates. Sagittal plane data for
the target hip joint and ipsilateral knee joint of the patients and right hip
and knee joint of the controls were calculated using Visual 3D software.
Joint angles were identiﬁed at initial contact (IC), peak knee ﬂexion (PKF),
peak knee extension (PKE) and toe-off (TO), in addition to total hip and
knee joint excursion during stance. Moments were given as external
moments. Hip OA patients with minimum joint space (MJS) <2mm were
deﬁned to have severe radiographic OA. Differences between patients and
controls and between those with severe and less severe radiographic OAnalysis Multivariate analysis* Multivariate analysis**
5% CI)
p-value Regression
coefﬁcient (95% CI)
p-value Regression
coefﬁcient (95% CI)
p-value
0.41)
0.83)
0.680.45 -0.08 (-0.62, 0.47)
-0.55 (-1.93, 0.82)
0.780.43 -0.06 (-0.61, 0.48)
-0.53 (-1.92, 0.85)
0.810.45
.20)
.15)
0.530.72 0.48 (-1.29, 2.25)
1.02 (-3.47, 5.51)
0.590.65 0.50 (-1.29, 2.28)
1.06 (-3.46, 5.58)
0.580.64
0.61)
1.53)
0.270.33 0.24 (-0.18, 0.65)
0.58 (-0.47, 1.63)
0.260.29 0.24 (-0.17, 0.66)
0.60 (-0.46, 1.65)
0.250.26
0.45)
1.06)
0.740.89 0.13 (-0.27, 0.54)
0.18 (-0.83, 1.20)
0.520.72 0.15 (-0.26, 0.55)
0.21 (-0.81, 1.23)
0.480.68
0.54)
0.76)
0.270.33 0.22 (-0.17, 0.61)
0.33 (-0.66, 1.33)
0.260.51 0.23 (-0.16, 0.62)
0.35 (0.65, 1.35)
0.250.49
